Summary. Adipocytes of man and rat were isolated by incubation with collagenase. Their size distributions were measured with the pulse counter ZG 2 and evaluated on a lognormal base. Empirically, we have found that the standard deviations of the distributions are negatively correlated with the cell diameter. By extrapolation of the standard deviations to zero, we calculated upper limits of the adipoeyte volumes to be Vm ~ 0.93 nl (subcutaneous adipose tissue of the abdomen in man) and Vm ~ 0.49 nl (epididymal and retroperitoneal adipose tissue in white wistar rats). Larger adipocyte volumes in these tissues have not been observed. 
Summary. Adipocytes of man and rat were isolated by incubation with collagenase. Their size distributions were measured with the pulse counter ZG 2 and evaluated on a lognormal base. Empirically, we have found that the standard deviations of the distributions are negatively correlated with the cell diameter. By extrapolation of the standard deviations to zero, we calculated upper limits of the adipoeyte volumes to be Vm ~ 0.93 nl (subcutaneous adipose tissue of the abdomen in man) and Vm ~ 0.49 nl (epididymal and retroperitoneal adipose tissue in white wistar rats). Larger adipocyte volumes in these tissues have not been observed. It follows with the abovementioned regression coefficients that obese maturity onset-diabetics have smaller adipoeyte numbers than obese non-diabetics. This means that the predisposition to maturity onset-diabetes is extreme in those obese persons who got their overweight after the end of adolescence. Several investigators have agreed that storage of excess calories as triglycerides into fat tissue causes an increase in the adipocyte volumes [i- -14] . An additional rise of the cell number during ovornutrition was described by Bjurulf [15] , and in the case of overweight exceeding 70 %, by Preiss etal. [ 16] . In the other extreme, Martinsson [17] only found the adipocyte number, but not the adipoeyte size, correlated with the weight index. A distinction between hypertrophy and hyperplasia of the adipose tissue is of great practical importance, since there exists a positive correlation between adipocyte volume and basal lipolysis [8, 13, 18] . Elevated serum concentrations of free fatty acids in obesity cause a metabolic situation which promotes the manifestation of maturity onset-diabetes [19--21] . To examine this question further, we have measured the correlation between adlpocyte volume and weight index in non-diabetlcs and maturity onset-diabetics separately.
The concept of exclusive fat cell hypertrophy in obesity includes, at high weight indices, the growth of hypothetically big fat cells. In this connection, we have searched for the existence of a maximum adipoeyte volume, analyzing the standard deviations of adipocyte diameter distributions.
Materials and Methods
Adipose tissue weighting from 2 to 4 g was drawn by biopsy from the subcutaneous tissue of the abdomen in maturity onset-diabetics and non-diabetics. In part, samples were taken from patients twice: before and after weight reduction by a fasting regime [22] . In animal experiments, epididymal and retroperitoneal fat pads were taken from white male wistar rats of different weights. We isolated the adipoeytes in plastic vessels containing Krebs-Ringer bicarbonate buffer and collagenase by the method of Rodbell [23] , as earlier described [9, 10] . 40 ml of the cell suspensions containing 4000 to 8000 cells per millilitre "of saline was measured with the pulse counter (ZG 2, VEB Transformatoren-und R6ntgenwerk Dresden). Passing a jet of 200 9m diameter, the suspended cells produce pulses of eleetricM voltage, which are counted and assorted in their magnitude. The cell diameters were calculated from geometrical and electrical parameters of the counting systeme, without calibration [24] . In contrast to the microscopical method, by the pulse counting in the course of a few minutes are measured several thousand adipocytes in three dimen. sions. This ensores a high statistical validity of the results. The evaluation is based an a lognormal distribution. In Gaussian distribution paper, the sum percentiles are performed against the logarithm of cell diameters in one population. From the straight line, the standard deviation s = 0. This formula is different from the approximative expression given by Hirseh and Gallian on the base of a normal distribution of the diameters [26] . dv was taken to calculate the mean cell volumes.
Results

Distribution type and maximum of adipocyte sizes
As a preliminary result of 40 probit analyses with the computer R --300 (Volke and Leonhardt, unpublished), the lognormal type holds for the diameter distribution of adipoeytes with the same probability as the normal type. Further work will be done by us to confirm the usefulness of the lognormal distribution.
Diameter distributions measured with the pulse counter are relative small, with standard deviations in the range from 0.03 to 0.15 ( Fig. 1 and 2) . In comparing measurements of adipoeyte suspensions by the micro. scopical method, using a Zeiss eyepiece micrometer, the median diameters agreed with those from the pulse counter method. However, the distributions were broadly dispersed, and tended to be of the normal type, as in general assumed in the literature (e. g. by tIirseh and Gallian [26] ). We have calculated (Leonhardt, unpublished) 
that this is an artefact by superimposion of the statistical error of small numbers (200 cells per measurement).
Empirically we have found that the lognormal standard deviations s decrease with the cell diameter. This holds for the adipocyte populations of nondiabetics and diabetics (Fig. 1) , and of epididymal and retroperitoneal fat tissue of the rat (Fig. 2) . Extrapolation of the regression lines to s = 0 leads to the diameter of adipocy~e populations which contain only one cell size. Obviously, these are maximum adipocyte sizes. We calculated the following maximum diameters d~ and maximum volumes v~ (=~ single standard deviation) :
dm 121~=10 025
The values of the both species are significantly different (p < 0.001).
Adipocyte volumes and weight index
We have examined the correlations between the two parameters in non-diabetics and maturity onsetdiabetics separately (Fig. 3 and 4) . [25] .
Discussion
The adipocyte volumes and correlations to the weight index measured by us agree with recently published data of other authors [7, 8, t3, 14] . Furthernormal distributions are widely spreaded in the biological sciences [25] .
Lognormal standard deviations were negatively correlated with the logarithms of adipoeyte diameters. Qualitatively, a similiar result can be derived from the data of Bjurulf [27] , examining the logarithms of the ranges of adipocyte distributions. Thus, it is possible to calculate maximum adipocyte sizes by extrapolation of the standard deviations to zero. This formal prolog dm ~l,,
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1.95- cedure leads to values which were never exceeded by our measurements, and, as far as can be seen, in the literature [7, 8, 13, 14] . There are several reasons for the statement of a maximum adipocyte size, e.g. big cells would be unstable from the mechanical standpoint.
Since the adipocyte size is limited, in very obese persons with weight indices exceeding 1.5 (maturity onset-diabetics) and 2 (non-diabetics) respectively, an Diabetologla additional effect of increased adipocyte numbers [14, 15, 16 ] must be assumed. However, alterations in cell number during starvation and overnutrition was not observed. On the other hand, individual changes in the adipocy~e volumes during weight gain [12] and ~veight loss [11] was seen. In our own experiments, these individual changes from the beginning to the end of a weight reduction were parallel to the general regression line between adipoeyte volume and weight index [22] . Thus, adipocyte volume changes during dynamic phases of weight in maturity have to be considered as the primary effect. D was calculated from data given by Englhardt et al. [14] as 0.93 gem -a. mFo[mo, the adipoeyte content of a normal body, is approximately the normal fat content of 16% [25] , divided by the fat content of adipocytes equal 0.771 [14] : The straight line cuts the y axis at a weight index of 0.79. At this point or in persons with smaller weight indices, subcutaneous fat of the abdominal region will disappear. Liseh et aL [13] found an ordinate section of 0.5, and from our measurements, we determined ordinate sections of 0.45 and 0.95 in nondiabetics and diabetics, respectively, to be compared with 0.79. N/mo, the adipocyte number per kg normal body mass, can be calculated from the regression coefficients in eq. 2 and 3. It is in the order of 109 adipocytes per kg. At the recent stage of our knoMedge, a subtle computation of this value should be avoided, since the adipocyte sizes in different areas of the body vary somewhat [13] . Inspecting eq. 2, 3 and 8, it is evident that obese maturity onset-diabetics have smaller ad~pocyte numbers than obese non-diabetics. This means that the predisposition to maturity onset-diabetes is extreme in those obese persons who developed their overweight following adolescence. Their excess triglycerides by overnutrition in maturity have to be stored in relative few adipoeytes which increase in volume. This volume effect, increasing with weight index, could be verified statistically. In diabetics and non-diabetics with normal and subnormal body weight, we found no significant difference in the adipocy~e volumes. In contrast, in the group with relative body weights rangL~g from 1.01 to 1.4, the maturity onset-diabetics had significant larger adipocytes than non-diabetics. This dendency increased in persons with relative body weight from 1.41 to 1.8 (Fig. 5) . Thus, our results confirm the importance of the adipoeyte volume in the pathogenesis of maturity onset-diabetes.
